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Research question 
What is the optimal allocation of resources pre-
disruption (prevention and preparedness) and 
post-disruption (response and recovery)? 
2 
Deepwater Horizon oil spill 
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Key assumptions 
• Objective function minimizes expected economic 
losses from a disruption 
• Budget constraint 
• Prevention resources reduce chances of disruption 
• Response resources reduce economic impact of 
disruption 
– Allocation to individual industries 
– Allocation to all industries 
• If no disruption occurs, resources for response are 




Texas, Louisiana, Mississippi, Alabama, and Florida 
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Directly impacted industries 
Fishing Real estate 
Accommodations 
Amusements 
Oil and gas 
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Allocation for prevention 
7 
Allocation  for response 
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Effectiveness of allocating for prevention 
Proportion of $10B budget allocated for preparedness 




• Resources allocated pre-disruption can also reduce 
consequences or impacts of disruptions 
– Prevention reduces probability of disruption 
– Preparedness reduces consequences (pre-disruption) 
– Response reduces consequences (post-disruption) 
• If a disruption occurs, budget becomes irrelevant 
– No budget constraint 
– New constraint that consequences must be less than a 
predefined threshold   
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One scenario: preparedness vs response 
12 
min  𝑝 𝑐 + 𝑚𝑧 +𝑚 𝑥 + 𝑦  
𝑐 = 𝑐 exp −𝑘𝑦𝑦 − 𝑘𝑧𝑧  
subject to 𝑝 = 𝑝 exp −𝑘𝑥𝑥  
𝑐 ≤ 𝑇 
𝑥, 𝑦, 𝑧 ≥ 0 
Probability of disruption  
Consequences from disruption 
Opportunity cost 
Allocation to response 
Allocation to prevention 
Allocation to preparedness 
Probability if no 
prevention 
Effectiveness of prevention 
Effectiveness of preparedness Effectiveness of response 
Consequences if no preparedness or response 
Threshold for upper 
bound on consequences 
Preparedness or response, not both 
𝑦 > 0 if 𝑘𝑦𝑝 > 𝑘𝑧 
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Limits on preparedness 
𝑐 = 𝑐 𝛼exp −𝑘𝑦𝑦 + 1 − 𝛼  
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𝛼 = 0.3 
Limit to preparedness 
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min  𝑝 𝑐 + 𝑚𝑧 +𝑚 𝑥 + 𝑦  
𝑐 = 𝑐 𝛼exp −𝑘𝑦𝑦 + 1 − 𝛼 exp −𝑘𝑧𝑧  
subject to 𝑝 = 𝑝 exp −𝑘𝑥𝑥  
𝑐 ≤ 𝑇 
𝑥, 𝑦, 𝑧 ≥ 0 
Probability of disruption  
Consequences from disruption 
Opportunity cost 
Allocation to response 
Allocation to prevention 
Allocation to preparedness 
Probability if no 
prevention 
Effectiveness of prevention 
Effectiveness of preparedness Effectiveness of response 
Consequences if no preparedness or response 
Threshold for upper 
bound on consequences 
Maximum proportion of consequences 
that can be reduced via preparedness 
Thresholds for spending 
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min  𝑝𝑖 𝑐𝑖 +𝑚𝑧𝑖 +
𝑛
𝑖=1
𝑚 𝑥𝑖 + 𝑦𝑖  
𝑐𝑖 = 𝑐 𝑖 𝛼𝑖exp −𝑘𝑦𝑖𝑦𝑖 + 1 − 𝛼𝑖 exp −𝑘𝑧𝑖𝑧𝑖  
subject to 𝑝𝑖 = 𝑝 𝑖exp −𝑘𝑥𝑖𝑥𝑖  
𝑐𝑖 ≤ 𝑇𝑖  
𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖 ≥ 0 
Probability of disruption  
Consequences from disruption 
Opportunity cost Allocation to prevention 
Allocation to preparedness 
Probability if no 
prevention 
Effectiveness of prevention 
Effectiveness of preparedness Effectiveness of response 
Consequences if no preparedness or response 
Threshold for upper 
bound on consequences 
Maximum proportion of consequences 
that can be reduced via preparedness 
Number of potential 
disruptions 
Allocation to response 
One preparedness allocation 
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min  𝑝𝑖 𝑐𝑖 +𝑚𝑧𝑖 +
𝑛
𝑖=1
𝑚 𝑥𝑖 + 𝑦  
𝑐𝑖 = 𝑐 𝑖 𝛼𝑖exp −𝑘𝑦𝑖𝑦 + 1 − 𝛼𝑖 exp −𝑘𝑧𝑖𝑧𝑖  
subject to 𝑝𝑖 = 𝑝 𝑖exp −𝑘𝑥𝑖𝑥𝑖  
𝑐𝑖 ≤ 𝑇𝑖  
𝑦, 𝑥𝑖 , 𝑧𝑖  ≥ 0 
Probability of disruption  
Consequences from disruption 
Opportunity cost Allocation to prevention 
Allocation to preparedness 
Probability if no 
prevention 
Effectiveness of prevention 
Effectiveness of preparedness Effectiveness of response 
Consequences if no preparedness or response 
Threshold for upper 
bound on consequences 
Maximum proportion of consequences 
that can be reduced via preparedness 
Number of potential 
disruptions 
Allocation to preparedness 
Thresholds for spending 
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Different parameter values 
21 
Percentage of simulations 𝒚 = 𝟎 
𝒌𝒚 One scenario Multiple scenarios 
10-4 98 99 
10-3 90 85 
10-2 74 55 
10-1 49 20 
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Conclusions 
• Different models represent different assumptions 
– Decision maker must spend enough to reduce 
consequences to an “acceptable” level 
– Limit how much preparedness can do 
– Allocation for preparedness can have positive impacts 
• Conditions where resources should be allocated to 
prevention, preparedness, and response 
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